Abstract
(0-20 cm) were collected at the profundal area of both Dianchi Lake and Erhai Lake 111 with a columnar sediment sampler in December 2015. The water depths at the 112 sampling sites were 6.4 and 11 m in Dianchi Lake and Erhai Lake, respectively. The respectively. Meanwhile, a total of 500 mL bottom water at each sampling site was 115 collected for the subsequent incubation experiments.
117
The five replicate sediment cores were sliced into the layers: 0-5, 5-8, 8-11, 11-14, 118 14-17, and 17-20 cm. Replicate sediment samples from the same layer depth in a 119 given lake were mixed and then subsampled for physicochemical and molecular end of incubation, gas samples were taken from the headspace using a gas-tight 139 syringe, and then were analyzed using GC126 gas chromatography (INESA 140 instrument, Shanghai) with a flame ionization detector. GYGCAGCAGGCGCGA-3') /Arch915R (5'-GTGCTCCCCCGCCAATTCCT-3') 149 (Casamayor et al., 2002; Conrad et al., 2014) were used for the quantification of 150 archaeal 16S rRNA and mcrA genes, respectively. The qPCR assay was carried out 151 using an ABI 7500 FAST (Applied Biosystems OTUs at the similarity level of 89% (Webster et al., 2014) for Dianchi Lake and 1.25-1.84 for Erhai Lake, respectively. In Dianchi Lake, sample 239 D1 had the highest mcrA gene diversity, but sample D6 had the lowest diversity. In
240
Erhai Lake, sample E2 had the highest mcrA gene diversity followed by sample E1,
241
but E5 showed the lowest diversity. Euryarchaeota dominated the archaeal communities in both Dianchi Lake and Erhai 246 Lake ( Figure 3 ). In the uppermost sediment layer in either lake, Bathyarchaota
247
accounted for nearly 20% of the total archaeal community. However, in Dianchi Lake,
248
with increasing layer depth, the proportion of Bathyarchaota showed a remarkable 249 decrease followed by a rise. Bathyarchaota organisms showed high proportion (44-250 55%) in Dianchi Lake samples D4-D6 and Erhai Lake samples E2-E6. In contrast,
251
Euryarchaeota illustrated an opposite change trend. In Dianchi Lake, the proportion 252 of Euryarchaeota organisms was higher in samples D2 and D3 (63% or 67%) than in 253 sample D1 (47%), but displayed a notable decrease in deeper layers (26-27%). In
254
Erhai Lake, the Euryarchaeota proportion in sample E1 was 32.5% but became lower 255 in samples E2-E6 (9-23%). In addition, Woesearchaeota showed a greater abundance 256 in Dianchi Lake (8-13%) than in Erhai Lake (4-9%), while Crenarchaeota was 257 mainly distributed in Erhai Lake (3-29%). The difference among archaeal assemblages was discriminated using Weighted-
303
Unifrac distance-based cluster analysis (Figure 5a ). In either Dianchi Lake or Erhai 304 Lake, the sample from the uppermost layer (sample D1 or E1) was separated from the 305 samples in other sediment layers. In Dianchi Lake, samples D2 and D3 were also 306 grouped into one clade, and the other three samples fell into another one. However, in
307
Erhai Lake, samples E2, E3, E4, E5 and E6 were grouped together, and the samples , 2015) . The change pattern of MPP in Erhai Lake was similar to that reported in 326 these literatures. However, to the authors' knowledge, Dianchi Lake was the first lake 327 that illustrated the increase of MPP with increasing sediment layer depth.
329
Several previous studies had investigated the inter-lake difference of methanogenesis. have considerable influences on methane production rate in freshwater lake sediment.
336
Moreover, lake characteristics could influence the methane production rate both 337 directly and indirectly (Borrel et al., 2011) . In this study, the methanogenesis potential 338 in Dianchi Lake was found to be much higher than that in Erhai Lake. Dianchi Lake 339 had a larger amount of nutrient than Erhai Lake, and a high level of organic matter 340 could exist in lower sediment layers ( Figure S1 ). MPP was found to be related to the (Ye et al., 2009; Zhu et al., 2012 ). In the current study, the density of archaeal
368
16S rRNA gene tended to decrease with increasing layer depth in Erhai Lake but 369 considerably fluctuated in Dianchi Lake, which might be attributed to the difference 370 of substrate supply and lake water depth.
372
The abundance of methanogens could be assessed using either archaeal 16S rRNA or 373 mcrA gene. Mthanogen abundance was usually found to rise at first followed by a In the current study, the abundance of archaeal community was comparable to that 379 reported in the literatures (Borrel et al., 2012; Zhu et al., 2012) . However, for each 380 sample, the mcrA/16S ratio was less than 3%, while the sequences affiliated with Youngblut et al., 2014) . In this current study, the sediment samples from Erhai Lake 397 had slightly lower mcrA gene diversity than those from Dianchi Lake. and Erhai Lake than in other previous reported freshwater lakes (Biderre-Petit et al., 414 2011; Borrel et al., 2012; Zhu et al., 2012) . of UniFrac-based cluster analysis indicated that archaeal community structure differed 419 remarkably in Dianchi Lake and Erhai Lake. In either Dianchi Lake or Erhai Lake, 420 layer depth was found to be a key determinant to archaeal community structure.
421
However, the abrupt shift in archaeal community structure occurred at different layer 422 depths in these two lakes. In Dianchi Lake, the structures of archaeal communities at proportion in mcrA clone library (less than 3% in 11 out of 12 samples).
459
Methanobacteriales was abundant in uppermost layer sediments based on 16S rRNA 460 sequencing, but was a minor group in mcrA clone library. Methanogen communities in surface sediment were usually found to be lake-463 dependent (Milferstedt et al., 2010; Youngblut et al., 2014) , whereas in this study,
464
UniFrac-based cluster analysis indicated that methanogen communities in sediments
465
of Dianchi Lake and Erhai Lake were not phylogenetically separated. Sediment layer 466 depth was found to shape methanogen community structure.
468

Conclusions
469
The MPP and abundance of sediment methanogens differed greatly in Dianchi Lake
470
and Erhai Lake, while these two lakes had the similar methanogen community 471 structure, with the dominance of Methanomicrobiales and Methanobacteriales.
472
Hydrogenotrophic methanogenesis was the major methane production pathway in D1-D6 and E1-E6 were retrieved from Dianchi Lake and Erhai Lake, respectively.
654
Digits "1" -"6" were referred to sediment depth 0-5, 5-8, 8-11, 11-14, 14-17 and 17-655 20 cm, respectively. gene. Samples D1-D6 and E1-E6 were retrieved from Dianchi Lake and Erhai Lake, respectively. Digits "1" -"6" were referred to sediment depth 0-5, 5-8, 8-11, 11-14, 14-17 and 17-20 cm, respectively.
Figure 4
Phylogenetic tree of representative archaeal mcrA sequences and reference sequences from GenBank. The sequences beginning with "D1"-"D6" and "E1"-"E6"
were referred to the sequences retrieved from sample D1-D6 and E1-E6, respectively.
The bold number in parentheses represents the numbers of the total sequences in the library. Numbers at the nodes indicate the levels of bootstrap support based on neighbor-joining analysis of 1,000 resampled datasets. The values less than 50 are not listed. The bar represents 5% sequence divergence. 
